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a b s t r a c t
INTRODUCTION: Iatrogenic damage of the innominate vein is a possible complicationwith extracorporeal
central venous linecatheter insertion techniques.Whenperforationoccurs, thecatheter is left inplaceand
surgery is required for careful removal and repair of other possible complications, including hemothorax
and cardiac tamponade. The traditional approach for innominate vein repair is via a complete median
sternotomy.
PRESENTATION OF CASE: A 75-year-old female patient with hypertension, diabetes mellitus type two and
end stage renal failure, coronary artery disease presenting with iatrogenic innominate vein perforation
and pulmonary effusion status post placement of a tunneled hemodialysis catheter through the left
subclavian vein.
DISCUSSION: The patient underwent a partial upper sternotomy into the right fourth intercostal space.
Ministernotomy and endovascular techniques provide similar outcomes to those of traditional surgical
approaches.However,withminimal access and trauma, thesenewmethodsprovidebetterpost-operative
outcomes for patients.
CONCLUSION: The case presented in this report suggests a new approach to replace the traditional com-
plete median sternotomy in attempts to repair the innominate vein. The mini-sternotomy approach
provides sufﬁcient visualization of the vessel and surrounding structures with minimal post-operative
complications and healing time.
© 2015 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/4.0/).
1. Introduction
Minimally invasive techniques are being utilized frequently
during this age due to patient demand and promising outcomes.
Mini-sternotomy approaches are one example of minimizing
surgical trauma to the patient while performing the primary
repair operation. Mini-sternotomy approaches have already been
analyzed and shown feasible for certain cardiovascular surgical
procedures, includingaortic valve replacementandascendingaorta
repair [1,2]. However, belief drives the concept that the approach
can be performed in a multitude of thoracic procedures. The fol-
lowing case report pertains to a mini-sternotomy approach for
innominate vein repair after iatrogenic perforation from install-
ment of a central venous line cathether via the left subclavian vein.
Central venous catheters are implemented for a wide array of
circumstances both short and long term. The use of these catheters
albeit beneﬁcial are not without risk. One such complication is
the iatrogenic perforation of the blood vessel during the course
∗ Corresponding author at: 329 N. Norris Ave., Tucson, AZ 85719, United States.
Tel.: +1 520 223 5713.
E-mail address: jas@email.arizona.edu (J.A. Siordia).
of cannulation [3,4]. Examination of the anatomy has determined
that the left sidedapproach forhemodialysis cannulationpresents a
unique complication imposed by the angle between the subclavian
and innominate vein [3].Wepresent a case of a tunneled hemodial-
ysis catheter causing iatrogenic perforation of the innominate vein.
2. Case report
A 75 year old female patient with hypertension, diabetes
mellitus type two and end stage renal failure, coronary artery
disease. The patient suffered from iatrogenic innominate vein
perforation after placement of a tunneled hemodialysis catheter
through the left subclavian approach. Computed tomography of
the chest conﬁrmed perforation of the innominate vein (Fig. 1).
A transesophageal echocardiogram conﬁrmed pericardial effusion.
Vascular surgery performed contrast angiography via the subcla-
vian hemodialysis catheter conﬁrming extravascular ﬂuid trapping
suggesting perforation (Fig. 2). A partial upper sternotomy was
performed into the right fourth intercostal space and a rib spread-
ing retractor was placed; opening the pericardium and pericardial
retraction sutures were placed. A single 4-0 Prolene pledgeted
suture was used to circumscribe the perforation site; the catheter
was withdrawn due to the inability of its advancement based on
http://dx.doi.org/10.1016/j.ijscr.2015.03.025
2210-2612/© 2015 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/4.0/).
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Fig. 1. Left subclavian catheter is seen within the left brachycephalic vein with a
chest CT scan with contrast; there is perforation of the distal brachycephalic vein
(white arrow) and beyond this point the catheter is seen running through themedi-
astinum, anteriorly and then laterally to the superior vena cava. There is evidence of
pneumomediastinum anteriorly. No evidence of signiﬁcant mediastinal hematoma
or hemopericardium. No pneumothorax.
Fig. 2. A single digitally subtracted spot ﬂuoroscopic image centered over the infe-
rior mediastinum was obtained intraoperatively and submitted for interpretation.
A central venous catheter is seen coursing along the expected location of the left
innominate vein and SVC, its distal tip at the level of the inferior SVC. Contrast injec-
tion through the catheter tip reveals extravascular contrast trapped within the soft
tissues of the mediastinum (black arrow).
the ﬁrm tip. Topical hemostatics were applied to the site. A sin-
gle mediastinal chest tube was placed and the sternum was then
rewired. A right femoral vein catheter was then placed for dialysis.
3. Discussion
The mini-sternotomy approach has demonstrated favorable
outcomes compared to the traditionalmedian sternotomy incision.
For aortic valve replacement, Furukawa et al. [1] demonstrate that
the rate of stroke, perioperative myocardial infarction, low-output
syndrome, newonset dialysis, and re-exploration for bleedingwere
similar between the two approaches. However, they add that the
mini-sternotomy provides less post-operative pain, less pain med-
ication usage, and faster return to normal activity for patients [1].
The primary limiting factor about themini-sternotomy approach is
the reduced exposure of the operating ﬁeld. Johnston et al. report
that 18 of 34 conversion to full median sternotomy are due to poor
exposure; a feature that is vital in all surgical procedures for opti-
mal results [5]. Tabata et al. report the incidence rate of conversion
to be 2.6%,with themost common reasons for conversion including
bleeding, ventricular dysfunction, andpoor exposure; themortality
rate of converted cases increases to 33.3% [6].
Venous catheter insertions are performed by medical staff that
have had adequate amount of experience and training. When
inserting the venous catheter, the Seldinger technique is typically
employed, utilizing guide wires and dilation catheters in order to
carefully guide the catheter to the central venous circulation.While
landmarks can be used for guidance and orientation, ultrasounds
have also beenused for certainty of insertion. Results andoutcomes
of central venous catheter are dependent on the site of insertion.
Central venous catheter access can cause iatrogenic injury toward
surrounding structures if not performed properly or accurately.
Complications that may arise with insertion include hemothorax,
pneumothorax, chylothorax, cardiac tamponade, infections, nerve
injuries, and vessel perforation [4,7,8]. A systematic review con-
taining 17 trials of data on 2085 jugular and 2428 subclavian
catheters describes the results of the two entrances. Jugular venous
catheters demonstratedhigher outcomesof arterial punctures than
the subclavian approach (3% vs. 0.5%, RR 4.70 [95% CI, 205-1077]).
However,malpositionwas signiﬁcantly lesswith the jugular access
compared to the subclavian approach (5.3% vs. 9.3% RR 0.66 [044-
099]) [9]. In terms of left vs. right insertions, however, the left
produces more complications due to the angulations of vessels
[3,4].
When inserting the catheter, one vital step includes checking
whether the catheter is inserted in the proper location and ves-
sel. Aspiration of ﬂuid is crucial in order to determine whether the
catheter has been inserted in the vessel [3]. Bright blood suggests
oxygenated blood, which signiﬁes an arterial vessel in the systemic
circulation. Darker blood suggests venous blood, which suggests
the catheter is placed within a systemic venous vessel. However, if
no blood is aspirated, it may signify malposition of catheter inser-
tion. Based on the orientation and knowledge of anatomy, it could
signify iatrogenic trauma to surrounding structures, including the
pleura, pericardium, or central vessels. Instead of withdrawing the
catheter to re-attempt insertion, it is suggested to insert contrast
dye into the location [3,4]. This will not only provide a tamponade
effect, if a vessel was perforated, but it also reveals the location of
the catheter tip when employing imaging modalities. Computed
tomography provides the most accurate location of the catheter;
radiographs may prove inaccurate or lacking detail [3,4].
If hemodynamically stable, the patient should undergo imag-
ing to determine the location of the catheter. Note that the central
venous line should remain within the attempted location. Surgery
is then typically required to remove the catheterwithout complica-
tions while repairing any perforations [3,7]. Based on the location
of the catheter, the approach may require a sternotomy approach
if it involves the innominate vein or other mediastinal vessels, or a
thoracotomy if the vena cava is affected.
New less invasive approaches have been demonstrated to ﬁx
iatrogenic damage with central venous catheters. Azuzzadeh et al.
demonstrate an endovascular approach to repair perforations of
the vena cava [8]. However, complications that have been noted to
arise with the use of stent placement include superior vena cava
syndrome – iatrogenic occlusion. Kuznjec et al. explain a video
thoracoscopic approach for ﬁxing perforation of the vena cava
[7]. This approach is slightly more invasive than the endovascu-
lar approach, the ensures no development or superior vena cava
syndrome, no necessity of foreign stent material, and complete
resolution of possible complications that may arise from the iatro-
genic trauma. Other approaches have been described that include
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minimal incision, but with the removal of the ﬁrst anterior rib and
splitting of the pectoralis major ﬁbers to reveal the subclavian vein
[10,11]. The case presented in this report suggests a new approach
to replace the traditional completemedian sternotomy in attempts
to repair the innominate vein. The mini-sternotomy approach
provides sufﬁcient visualization of the vessel and surrounding
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